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iii 
Abstract 
As a kind of ultra-precision machining technology with great potential, 
fly-cutting is always used in the final processing of optical surface especially for some 
kind of easy deliquescence crystal optical materials for the benefit of easy to control 
and high efficiency. With the improvement of the machining accuracy in recent years, 
fly-cutting entered the field of nanoscale machining which can directly process the 
surface roughness of a few nanometers, the surface figure accuracy of a few hundred 
nanometers. The fly-cutting is a typical intermittent machining process which can be 
easily results to the waviness on the machined surface along the feed direction, thus 
degrade optical performances significantly. Therefore, in order to control the 
processing surface, the spindle motion error is researched and the spindle motion error 
is transformed to tool-tip motion error, the surface generation formation mechanism is 
analyzed. Then the influences of tool-tip motion error on surface generation are 
studied in three-dimensional rectangular coordinate system. Finally a predicting 
model based on support vector machine (SVM) is proposed to predict the machined 
surface quality. The major research efforts are as follows: 
1、The testing principle and evaluate method of spindle motion error is studied. 
An on-line testing system with five displacement sensors mounted at the end of the 
spindle is established to acquire the spindle motion error without interference the 
machining process. A comprehensive error model is proposed to deduce the tool-tip 
motion error from the spindle motion error,  
2、A series experiments are conducted under different spindle speed based on the 
on-line spindle testing system. Testing results shows that the repeat of the spindle 
rotation is poor and the motion errors are relatively big. Moreover there are prominent 
motion errors whose frequency is close to the rotating frequency. The tool-tip location 
transform from spindle motion errors are vibrate intense in space.  
3、Mechanism of surface generation is studied and a surface profiles formation 
model is established to research the reason results to micro-waves on the machined 
surface. Research shows that the asynchronous motion error of tool-tip is the main 
reason of the periodical micro-waves on workpiece surface. 
4、A predicting model based on support vector machine (SVM) is proposed to 
predict the machined surface roughness. The acoustic emission signals acquired 
















Experiment results show that the model can accurately predict the machined surface 
quality.  
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